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Abstract:  The  primarily  goal  of  the  project  was  to  obtain  benchmark  cross  sections  for  a 
complex  quantum  collision  system  that  is  electron  scattering  on  molecular  hydrogen.  Such 
collision  systems  are  ubiquitous  in  the  universe,  but  are  also  prototypes  of  even  more  complex 
collision  systems,  such  as  those  involving  biologically  relevant  molecules,  which  may  be 
described  using  a  quantum  chaotic  approach. 

Introduction:  Electron  collisions  with  atomic  and  molecular  targets  are  ubiquitous  all  around 
us.  There  is  no  shortage  of  applications  that  are  advanced  by  a  quantitative  understanding  of  such 
collisions,  and  include  lighting,  astrophysics,  fusion  energy  through  to  cancer  imaging  and 
therapy.  During  the  last  two  decades  there  has  been  immense  progress  in  the  field  of  electron 
scattering  on  relatively  simple,  quasi  one-electron  and  two-electron,  atomic  and  ionic  targets  [1]. 
The  progress  has  been  in  both  formal  [2]  and  computational  theory  [3].  The  next  frontier  is 
application  to  complex  systems  that  have  multi-electron  atomic  and  molecular  targets.  The  seed 
funding  provided  by  this  project  was  used  to  employ  a  postdoctoral  researcher,  Mark  Zammit, 
for  a  period  of  six  months  to  establish  benchmark  cross  sections  for  the  electron  scattering  on 
molecular  hydrogen  collision  system.  He  is  currently  continuing  this  work  with  Dr.  James 
Colgan,  in  the  Theoretical  Physics  Division,  at  the  Los  Alamos  National  Laboratory. 

Theory:  The  underlying  theoretical  approach  to  collisions  that  we  use  is  known  as  the 
Convergent  Close-Coupling  (CCC)  method  [4].  Briefly,  it  expands  the  target  wave  function  in 
large  complete  Laguerre  bases,  and  thereby  provides  a  square-integrable  representation  of  the 
target  discrete  and  continuous  spectra.  The  computational  complexity  grows  rapidly  with  the 
number  of  particles  involved,  as  each  one  requires  extra  three  dimensions  of  freedom. 
Consequently,  applications  thus  far  include  only  targets  well-modeled  as  one  or  two  valence 
electrons  above  a  relatively  inert  Hartree-Lock  core.  The  extension  to  molecular  systems  is 
further  complicated  by  the  degrees  of  freedom  for  the  nuclei.  This  is  handled  using  the 
Bom-Oppenheimer  approximation,  and  an  adiabatic  approach  is  available  if  required. 

Results  and  Discussion:  The  CCC  approach  for  electron  scattering  on  molecular  hydrogen  has 
been  completed  early  in  2016,  and  applied  to  the  calculation  of  total  ionization  cross  sections. 
The  results  were  extraordinary,  yielding  complete  agreement  with  experiment  over  the  entire 
energy  range  from  threshold  through  to  high  energies  where  the  Bom  approximation  becomes 
valid.  This  is  a  critical  test  of  the  CCC  method  that  no  other  theory  can  match,  and  has  been 
published  in  the  top  technical  physics  journal,  Physical  Review  Letters,  see  appendix. 
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